Research
A detailed parametric study has been performed, where numerical solutions of the compressible Navier-Stokes equations have been compared with the theoretical predictions. The investigation focuses on two important receptivity scenarios: the TS wave receptivity due to a vibrating ribbon on the wall of a flatplate and that due to the interaction between free stream sound and wall roughness elements; the latter scenario being one of the most important causes of excitation of boundary layer instabilities during flight. The parametric study was designed to test the limits of the theory, and included variations of the roughness element shape and dimensions, Reynolds number, Mach number and acoustic wave frequency. The numerical results are in very good agreement with the theory, which validates the use of high-Re theoretical results for real life finite-Re applications.
Application to industry
The receptivity process is the first and arguably the most important step in the laminar-turbulent transition of the boundary layers developing over aircraft wings and fuselage; yet it is currently completely disregarded when modeling transition to turbulence in the early stages of aircraft design. This would enable us to better predict the laminar-turbulent transition location in the boundary layer and to design novel control strategies to delay transition.
